The outsourcing of the R&D function is an emerging practice of corporate firms. In their attempt to reduce the increasing cost of research and technology development, firms are strategically outsourcing the R&D function or repositioning their internal R&D organisation. By doing so, they are able to benefit from other technology sources around the world. So far, there is only limited research on how firms develop their R&D sourcing strategies and how these strategies are implemented. This study aims to identify which determinants contribute to the success of R&D sourcing strategies. The results of our empirical research indicate that a clear vision of how to manage innovation strategically on a corporate level is a determinant of an effective R&D strategy. Moreover, our findings revealed that the R&D sourcing strategy influences a firm's sourcing capabilities. These sourcing capabilities need to be developed to manage the demand as well as the supply of R&D services. The alignment between the demand capabilities and the supply capabilities contributes to the success of R&D sourcing.
Introduction
Industrial R&D can be defined as a variety of activities based on scientific and engineering disciplines, with the aim of creating new knowledge or exploiting existing knowledge cleverly (Roussel et al., 1991 , Chiesa, 2001 . For decades many companies considered industrial R&D to be a core competence that should be part of in-house capabilities. However, fierce competition, increasing cost of technology development, and the globalisation of innovation activities through contract research organisations around the world yielded new perspectives. These perspectives refer to how companies apply R&D for service and product innovation purposes.
In the article on the rebirth of European Telecoms, Godell et al (2001) commented that the vertical integration grinds innovation to a halt. He suggested that by outsourcing part of innovation activities, telecom service providers will more easily tap into the vast creative potential of the outside World. Following that logic, Chesbrough (2003) has conceptualized open innovation, stating that a firm does not have to originate the research to profit from it. He argued that external R&D can create significant value and internal R&D is needed to claim some portion of that value. But, the literature reveals that firms' rationales to contract out their R&D function are based on their need to focus on core competences (Zhao and Calantone, 2003) , reduce costs (Piachaud, 2002, Kumar and Snavely, 2004) , create resource flexibility (Ernst, 2000 , Narula, 2001 ) and obtain access to suppliers' technology capabilities (Ernst, 2000 , Piachaud, 2002 , Zhao and Calantone, 2003 . Previous research revealed that different types of sourcing strategies have different impact on firm performance. Moreover, the execution of a firm's R&D sourcing strategy depends on its capabilities that are considered to be a critical success factor (DiRomualdo and Gurbaxaini, 1998, McFarlan and Nolan, 1995) . When properly planned, the execution of a R&D sourcing strategy can enhance innovation practices and improve the overall company performance significantly (Caudy, 2001, Watanabe and Hur, 2004) . Other studies have found that a R&D sourcing strategy that is aimed at contracting out R&D activities may not have a positive impact on the firm's performance (Coombs, 1996 , Bounfour, 1999 , Gilley and Rasheed, 2000 , Kessler et al., 2000 . Following their strategic review of R&D outsourcing in the pharmaceutical and biotech industry, research (Bailey and Bhagwat, 2009 ) suggest that many companies are not fully prepared to address the challenge of managing R&D outsourcing effectively. Executives of firm outsourcing R&D face the following dilemma: How to take advantage of outsourcing R&D activities without hampering the ability of the firm's innovating efficiently?
This study focuses on the understanding of the determinants that influence the success of strategic R&D sourcing. It is based on a theory building approach as prior research found that conceptual framework to assist in understanding how corporate firms develop and nurture capabilities to support a successful execution of their R&D sourcing strategies was lacking (Brook, 2006 , Brook, 2007 . Based on two case studies in the telecommunication service industry in Europe, we examine the current practice of R&D sourcing strategies that corporate firms pursue by analysing the associated organisation capabilities. Inferences from the analysis of the case studies were used to define a conceptual framework for the strategic sourcing of R&D, aimed at assisting corporate firms in implementing R&D sourcing strategies successfully.
We also draw on experiences in the field of IT outsourcing which has been researched extensively. However, attention was paid to the nature of R&D, which is associated with uncertainty of the outcome of the research and the difficulty to measure the results. In this context, it is acknowledged in this study that, while lessons can be learned from the field of IT, the outsourcing of R&D reveals new challenges.
The remainder of the article is organized as follows. Section 2 addresses literature review of R&D sourcing strategies and sourcing capabilities. Section 3 addresses the applied research methodology while the findings of the case studies are described in section 4. We discuss the findings in section 5. The proposed strategic R&D sourcing management model is presented in section 6. Subsequently, the conclusions are presented in section 7.
R&D Sourcing Management

R&D Sourcing Strategies
R&D strategic sourcing decision-making deals with the approach of a firm to develop R&D expertise in highly specialized knowledge areas, either through in-house activities or through outsourcing. Prior research (Huang et al., 2009) suggest that R&D sourcing strategies can be examined from three perspectives: a core competence perspective (Prahalad and Hamel, 1990) , a transaction cost analysis perspective (Tidd and Trewhella, 1997 , Howell, 1999b , Brusoni et al., 2001 , Narula, 2001 , Yasuda, 2005 or a cost advantage perspective (Quinn, 1992 , Quinn, 1999 , Piachaud, 2002 , Kumar and Snavely, 2004 , Chesbrough, 2003 . The core competence approach is based on the traditional idea that firms with high levels of in-house R&D are likely to enhance their technological competencies that are needed for competitive advantage. This means that a core competence view of R&D will tend to favour a strong in-house R&D organisation as outsourcing R&D is perceived as undermining technology competencies that are vital for the firm. Conversely, other researchers have argued that outsourcing R&D enables a firm to benefit from complementary resources and technology capabilities from external parties (Nohria and Garcia-Pont, 1991 , Teece, 1986 , Yasuda, 2005 , Godell et al., 2001 , Chesbrough, 2003 .
According to the transaction cost viewpoint of R&D, outsourcing is difficult to be implemented because of a high degree of complexity and uncertainty associated with the nature of R&D (Howell, 1999b) . It is suggested that the more technology can be codified (described in terms of formulae, blueprint and rules) the easier it is to be contracted out. Considering the parallel fields of IT outsourcing, IT activities and software development activities can easily be outsourced as they can be codified (Oshri et al., 2008) . In the context of R&D activities, technologies that cannot be codified tend to be viewed as a candidate for in-house research and development activities (Tidd and Trewhella, 1997, Narula, 2001 ).
The third perspective involves the notion of cost advantage as researchers have argued that R&D outsourcing will have a positive effect on reducing the costs of new product development (Quinn, 1992 , Quinn, 1999 , Piachaud, 2002 , Chesbrough, 2003 . The cost advantage tends to be derived from efficiency improvement of R&D suppliers. Quinn (1991) suggests that firms undertaking R&D outsourcing are not able to prevent the accumulation of internal bureaucracies and inefficiencies. Chesbrough (2003) argue that using external technologies for internal product development is an efficient way of offsetting the rising cost of technology development. However, Kessler et.al (2000) found that R&D outsourcing can create hidden cost which occurs in coordination activities when a firm attempts to integrate external knowledge into its internal knowledge base. This refers to the need for a capability that a firm should have to be able to efficiently absorb the external knowledge from R&D suppliers. The elements that 8 relate to a R&D sourcing strategy also involve scoping issues: the type of knowledge a firm should retain, which activities should be outsourced, and governance processes. The latter is needed in order to manage a complex system of relationships with potentially many external R&D suppliers. Therefore we pose our first proposition as follows: R&D suppliers and undertake a systematic selection of partners in order to manage the complexity that arises from supplier proliferation. Generic R&D sourcing strategies involve two types of sourcing arrangements in relation to the number of suppliers. First, a single sourcing approach can be pursued that prefers to focus on a single R&D supplier. This approach provides the advantage of low relationship complexity with external parties, and to foster customer intimacy. However, a single sourcing strategy decreases the flexibility of a firm as to the accessibility of external knowledge. It potentially leads to a lock-in by the R&D supplier that will become less responsive to the firm's R&D needs. Furthermore it may weaken the bargaining power of the firm. Secondly, a multi-sourcing approach is based on a group of preferred R&D suppliers. This approach increases the flexibility of a firm to access external knowledge, mitigating the risk of a lock-in and increasing the bargaining power. On the other side, a multisourcing strategy contributes to increasing complexity of the supplier relationships. A study of a strategic reorientation of industrial R&D towards commercial objectives suggests that the strategic side of R&D outsourcing is poorly addressed by corporate firms (Brook, 2006) . Based on this gap in previous studies, there is a need for more empirical studies on R&D sourcing strategies. Moreover, the current literature does not address the need to match a selected R&D sourcing strategy with an appropriate set of organisation's sourcing capabilities. This study analyzes the R&D sourcing strategies and their implication for the organisation sourcing capability development. Based on this assumption we pose the following proposition:
Proposition2: R&D sourcing strategy influences a firm's sourcing capabilities.
Organisation's sourcing capabilities
An organisation capability is defined as an organisation's ability to perform a coordinated task, utilizing organisation resources for the purpose of achieving a particular end result (Helfat, 2003) . Previous research has established that the ability of a firm to gain and maintain competitive advantage depends on its organisation capabilities. In this context, firms that outsource R&D to gain a competitive advantage need to develop and retain certain capabilities to manage the execution of the R&D sourcing strategy successfully. For example, firms that insourced knowledge from external R&D suppliers should be able to absorb this knowledge.
This relates to structural issues of managing the demand and supply of knowledge as part of a firm's capabilities. This means that business units should be able to formulate the demand for specific knowledge, their need for innovation and understand the delivery of this knowledge by the external R&D supplier. In essence, the R&D sourcing strategy should provide direction how
to develop an operating model that deals with an effective orchestration of the demand and the supply of knowledge within the firm. Discussed sourcing capabilities in more detail, literature revealed a lack of souring capabilities that a firm should possess to support the execution of R&D sourcing strategies. Previous research in the field of IT outsourcing has studied the use of sourcing capabilities (Feeny and Willcocks, 1998) . Ample attention has been paid to how firms use sourcing capabilities to manage the demand on the one hand and the supply on the other hand. In this study we recognize the demand management function and the supply management function as distinctive part of the R&D sourcing management that are also interrelated. The separation of these two aspects of the R&D sourcing management is based on the assumption that a strong demand management function will lead to better understanding of the business needs. Furthermore, a strong supply management function will lead to an effective delivery of R&D knowledge. The lack of this clear separation of concern between the demand function and the supply function leads to a tension about how the R&D outsourcing relationship is managed taken boundaries and responsibilities into account. In this study, the sourcing capabilities identified in the field of IT outsourcing, see table 1, are used as a starting point of our analysis to determine which capabilities need to be retained by firms that consider outsourcing their R&D function. For example, sourcing capabilities related to the leadership role, contract management are expected to supportive of the execution of an R&D sourcing strategy. Inferences are made as to what capabilities are used to manage the demand and the supply, respectively. This will lead to the following proposition:
The alignment between demand capabilities and supply capabilities influences R&D sourcing success positively. (Feeny and Willcocks, 1998) 
Research Methodology
To conduct this study, a qualitative research methodology was applied (McDonough III and Leifer, 1986, Brown and Eisenhardt, 1997) . The unit of analysis in this research is the organisational department that is responsible for the R&D sourcing strategy within a corporation. The research design consists of two case studies that permit a replication of logic about the variables and the relationships between those variables (Yin, 1994) . Due to the limited number of references available in the literature and the explorative nature of the study, a case study approach appeared to be appropriate as its focuses on "what" and "how"
questions (Yin, 1994) . The cases were treated as series of independent experiments that confirm of disconfirm the emerging conceptual insights (Brown and Eisenhardt, 1997) . These conceptual insights are used to refine the application of the theory of sourcing capabilities in
Sourcing capabilities Description
Leadership
The Leadership capability addresses the integration of business goals and IT. The main task is to guide organizational arrangements managing the interdependencies between the various capabilities.
Business Systems Thinking
Business Systems Thinking ensures that business processes are envisioned by IT capabilities. Employees who adopt an attitude as business system thinkers contribute to the firm by transforming business processes by means of process reengineering.
Relationship Building
The Relationship Building capability focuses on strengthening the relationship between the business departments and the IT function. Topics like mutual understanding, cooperation and trust contribute to a business-IT alignment.
Architecture Planning Designing Technical Architecture aims at achieving a coherent structure related to IT infrastructure and applications. This capability ensures that the firm is able to operate effectively.
Making Technology Work
The capability Making Technology Work identifies how business needs can be addressed that cannot be facilitated by technical standards. This capability focuses on strengthening the IT chain by solving problems of IT activities.
Informed Buying Informed Buying specifically addresses an analysis of the external market. These activities include developing a sourcing strategy, manage the tender process and contract and service management processes.
Contract Facilitation
The Contract Facilitation capability focuses on discussing and recording the services in a sound contract to ensure success. The capability needs to prevent contractual issues and problems that could arise during the arrangement.
Contract Monitoring
Contract Monitoring aims at managing the contracts and services with suppliers as agreed. Moreover, performance measurement forms a part of this capability.
Vendor Development
The Vendor Development capability identifies the added value of suppliers that are involved in outsourcing arrangements. This capability focuses on increasing the business revenues of a firm by analyzing long term supplier goals while creating mutual benefits.
managing the demand and supply of R&D services in the context of a strategic sourcing of the R&D function.
The main procedure used for collecting the primary data was semi-structured interviews. This is an effective means of investigating research questions and conducting explorative research because its allows for flexible questioning, the explanation of questions that are unclear, and probing to help respondents to provide complete information (McDonough III and Leifer, 1986) .
A total of 25 interviews were conducted that included executives on a corporate level, middle management and consultants on a division level and a business unit level. Follow-up discussions were organised with some interviewees to clarify the points raised during the interviews. Based on a grounded theory approach, each interview was conducted using a set of open-ended questions (Brown and Eisenhardt, 1997, Neman, 2000) . The sources of secondary data consist of documents describing the strategic direction, the repositioning of the internal R&D organisation and the evaluation of the implementation of the R&D sourcing strategy.
The transcribed interviews and the secondary data were content analysed (Neuendorf, 2002) to identify general patterns in the data using an iterative process consisting of multiple readings of the interview documents. The goal of this process was to achieve convergence around the set of themes that emerged from the data (McDonough, 2004) . Following the data analysis, preliminary individual case studies were drafted. A final cross-case analysis was conducted. This involved matching the evidence that confirm or reject the theoretical model of the strategic R&D sourcing management presented in this study (Neman, 2000) . Using our proposed model of strategic R&D sourcing management, a theory building structure was used to analyse the two cases investigated. In this approach the sequence of the sections in the cross-case study report followed the theory building logic (Yin, 1994) .
Case Studies
Two case studies of firms that have outsourced R&D activities are presented below. The analysis is structured in three parts. The first part is concerns the R&D sourcing strategy pursued by these firms. The second and third parts address the identified demand capabilities and supply capabilities, respectively.
Case Study 1: Telecom service provider in the Netherlands
A Dutch telecom service provider decided to outsource its entire R&D function as part of its corporate strategy to achieve cost-effectiveness in innovation activities. The rationale for the outsourcing decision was that the internal R&D function, which consisted of approximately 500 employees, was no longer regarded as a strategic asset. Originally, internal R&D activities were applied to develop new technologies that contribute to the production of industry standard technology solutions through participation in international research projects. The company shifted its focus to innovation using state-of-the-art technologies that could be provided by any supplier. The firm had no past experience in managing R&D outsourcing.
R&D Sourcing Strategy
The firm decided to adopt a total outsourcing of its R&D function. Executives went beyond the open innovation concept that holds that the internal R&D is complemented with external knowledge. Discussion about what part of R&D should be kept in-house and what part should be outsourced was irrelevant. The entire R&D function was outsourced to a specialized industrial R&D supplier. This decision was motivated by the idea that the R&D function was too small to play a key role, leading innovation in a global market. The corporate innovation strategy shifted entirely from make to buy. The R&D sourcing strategy had two key objectives.
First, the fixed costs for R&D needed to be changed into variable costs gradually over a period of 5 years. This implied that the guaranteed workload at the start of the outsourcing arrangement was limited to allow the outsourced R&D function to manage the transition towards a self-sustained organisation. Secondly, the organisation required increasing flexibility to tap into external technology sources to support the development of new services and the enhancement of existing services. This implied that the telecom provider aimed at a multisourcing approach for R&D services.
Demand Capabilities
A governance framework was developed to coordinate the demand of R&D services. The main purpose of this governance framework was to build a long-term partnership between the telecom service provider and its external R&D supplier. An executive board was established on a corporate level to this end. The executive board met once a year to discuss the annual strategic agenda. In additional meetings urgent matters were addressed or any disputes resolved on a division level. With regard to the structure of the governance framework, the Leadership on the demand management of R&D services was assigned on business unit level or on division level. The business units operated as direct customers of the external R&D supplier and an annual package of contracted research projects across the business units was agreed with each division. In the adopted structure, the executive management mainly focused on budget allocation and monitoring the R&D projects. It was found that there was lack of strong Leadership capability to manage the interdependencies between the contracted research projects across the divisions. This resulted in confusion how to apply the knowledge generated from R&D activities to the business activities of the corporation. In essence, R&D was usually perceived as futuristic and disconnected from the short-term business objectives, stated by the divisions. Only a few strategy advisors were involved to develop a sourcing strategy for R&D services. There were also only few supporting decision makers on a corporate level with sufficient understanding of relevant knowledge areas for the firm. There was a need for an
Informed Buying capability to support an effective communication with the R&D supplier.
However the process was generally fragmented. There was a lack of Business System Thinking approach in achieving a consistent view on the type of knowledge needed on a corporate level and the way in which knowledge is shared and applied across the divisions. While the organisation was aware of the need for demand capabilities, only little was done to develop those capabilities and to institutionalise them within the organisation.
Supply Capabilities
To Make Technology Work, external R&D experts were involved in implementing innovative projects on a business unit level within the divisions. Their knowledge of standard technology concepts and frameworks were utilized to design a customized architecture of new telecommunications infrastructure and service platforms. The Leadership involvement was generally operational, and focused on procedures of managing innovative projects throughout the stage gates of go or no go decisions. Managers on a tactical and operational level found the contributions of the R&D experts highly valuable. However, on a strategic level the executive management was still questioning the value of R&D for the corporation. Executive management persistently had the impression that contracted research projects delivered less value. The R&D governance framework that was agreed with the external supplier did not clearly specify the services that captured the value for the business units. We observed that the Contract Facilitation capability was not sufficiently developed. We also found a lack of common process on a corporate level to ensure performance measurement according to the governance framework agreement. The findings revealed that the mobile network division applied a structured process of quarterly review of contracted research projects. In contrast, the fixed network division had an ad hoc process that did not reveal much with regard to expected performance and contribution to the business. In this case it was found difficult to effectively monitor the execution of research projects. The lack of an effective Contract Monitoring process led to ineffective execution of the R&D outsourcing arrangement in the first year. An evaluation revealed that while the external R&D supplier was supposed to conduct long-term oriented contracted research projects based on strategic objectives, in practice almost all projects conducted in the first year were operational projects. The contracted research projects were unbalanced as the business units were pressuring for the implementation of innovation in short-term oriented projects. The short-term orientation was not in aligned with the long-term objective in the contract with the supplier. The Vendor Management capability in the organisation was not used effectively to identify the added value. In essence, the developed vendor management policy did not apply to R&D projects when identifying the added value of R&D related to increased business revenues or enhancing service quality and customer experience.
Case study 2: Telecom service provider in the UK
A UK telecom service provider decided to transform its R&D function of more than 3000 employees into a business-oriented division with profit-and-loss responsibility. The corporate strategy was inspired by the idea that an R&D function can be managed as a business in its own right. Throughout decades of research, the R&D organisation had accumulated a portfolio of almost 14000 patents based on almost 2000 inventions. The executive management believed that the R&D function could contribute to both cost reduction and revenue generation objectives. In this context the company shifted its R&D function business model from a cost centre to a revenue generating model driven by innovation rather knowledge production only.
The R&D function was considered as a driver for innovation with the potential to contribute to the core business of the corporation. The firm had no past experience in managing R&D outsourcing.
R&D Sourcing Strategy
The company adopted a selective R&D sourcing strategy. This was motivated by a corporate innovation strategy inspired by the open innovation concept that builds from the assumption that a dedicated internal R&D function should be complemented with external knowledge by specialized contract research organisations. Long-term research projects were partially outsourced to academic institutions and to specialised R&D suppliers. The latter were perceived as better positioned to achieve a world-class performance in specific knowledge areas. To improve the effectiveness and efficiency of research projects, a sourcing strategy was developed based on three key objectives. First, radical cost reduction of the operation of service platforms should be achieved based on proven and standardized technologies that can be delivered from offshore locations. Secondly, the risk of investments in long-term research projects should be reduced through partnerships with the academic world. Third, the corporation should pursue access to world class technology expertise through joint venture initiatives with specialised technology suppliers around the world. The senior management of the R&D organisation was fully responsible for the development and the implementation of the R&D sourcing strategy. The R&D organisation was operating as an independent business unit alongside other business units within the corporation. The R&D organisation was pursuing a selective sourcing strategy related to specific knowledge areas. Part of the corporate innovation strategy was to retain an in-house R&D function capable to support the absorptive capacity of the external knowledge and accelerate innovation within the firm. The firm also pursued a multi-sourcing strategy of R&D based on a list of preferred suppliers.
Demand Capabilities
An executive leadership council of the R&D function initiated a so-called joint innovation venture in collaboration with business units to align business innovation objectives and R&D objectives. This initiative resulted in a better understanding among senior management on the business units about how R&D activities contribute to the business goals of the corporation.
Building Relationships with counter parts within the business units was a crucial objective to channel and manage the demand for R&D services. It was found that the R&D function improved its ability to present convincing business cases for the funding of the contracted research projects. The Informed Buying capability was recognized by senior management as a determinant for developing a successful sourcing strategy with their suppliers. Applying the Informed Buying capability to assess the value of long-term research projects was regarded as very challenging. Business unit managers tend to view long-term research projects as too abstract as in their opinion these projects provide only limited business relevance for their short-term profit-and-loss responsibilities. The senior management of the R&D organisation was responsible for coordinating the identification of new research themes. Furthermore, they developed a collaboration process with the business units based on a Business System Thinking approach.
Supply Capabilities
Our empirical research indicated that the Leadership capability focused on the vision, the strategic direction and project selection for the development of intellectual properties, derived from the corporate innovation strategy. The main task of the leadership council was to provide governance agreements to assist the middle management of business units in conducting technology foresight as well as the development of a world class research capability. The latter relates to absorbing the external knowledge that is generated from outsourced research projects. The performance management department within the R&D function developed a performance dashboard to monitor both the progress of research projects and commercial exploitation activities. This is related to the use of intellectual property rights. The results of the performance as provided by suppliers were presented to the senior management of the business units. We find that the Making Technology Work capability was part of the performance management process. This process describes how technology solutions are translated into innovations in business projects of lines of business. The Vendor Management capability was identified that focused specifically on the management of a limited number of preferred R&D suppliers. The added value of suppliers was associated to their ability to deliver world-class performance in either basic research or in emerging technologies. Few academic institutions were selected to conduct basic research activities with a high risk profile and few specialised industrial R&D suppliers were selected to conduct parts of research activities in selective areas of emerging technologies.
Discussion
This study has examined how two large European telecom service providers have strategically transformed their R&D function during the last five years. The findings from a cross-case analysis of the two case studies are used to discuss the propositions as stated earlier.
Proposition 1: A leadership that sets a clear vision on how to manage innovation strategically on a corporate level determines the R&D sourcing strategy.
After the liberalisation of the telecom service markets in the late nineties, increased competition forced the incumbent telecom service providers to focus on their core competences. A renewed vision on how to strategically manage innovation started to emerge as executive management were discussing how to radically reduce operational cost and refocus on profitable businesses. Innovation was no longer perceived as an activity that should be driven entirely from an internal R&D organisation. The change in the R&D sourcing strategy followed the decision to reposition the internal R&D organisation. The R&D market has become more mature since specialised R&D suppliers are able to provide R&D services on specific technology areas. Executive management started to view the cost of R&D as a variable as parts of their R&D activities can be contracted out at lower cost. Moreover, outsourcing provides the possibility to upscale or downscale the workload of R&D activities based on a more flexible R&D approach. However, the findings reveal that firms differ in the amount of R&D activities that are outsourced. The Dutch telecom service provider decided to outsource its entire R&D function while the other telecom service provider applied a selective outsourcing approach. Our findings revealed a lack of vision at corporate level of how innovation needs of the firm should lead to an effective R&D sourcing strategy. We found that the R&D sourcing strategy was perceived as ineffective as the rationale for outsourcing was only driven by cost reduction. During the first year of the outsourcing contract many incremental R&D projects were conducted without a major strategic impact. The evaluation of the first year resulted in an adaptation of the R&D sourcing strategy as new investments were directly related to long-term R&D research based on predefined innovation themes. The UK telecom service provider developed a clear vision on innovation on a corporate level, aimed to developing next generation service platform. It provided the context for defining the R&D sourcing strategy that delineated which R&D activities should be conducted internally and which should be outsourced to third parties. This selective approach to R&D outsourcing involves three aspects: 1) a joint venture for specialised knowledge with a high degree of uncertainty where the objective is to reduce the risk; 2) manufacturing-driven development to reduce the cost of technology and achieve a shorter time to market; and 3) strategic partnering to access external intellectual properties and collaborate with academic institutions on basic research. Selective outsourcing combines knowledge from both internal and external R&D sources to innovate. In this particular case, the R&D sourcing strategy appeared to be effective as it provided insight and direction to the senior management of the R&D organisation about the strategic areas of technology. Recent research in the field of IT outsourcing (Lacity et al., 2009 ) demonstrated that executive leadership's vision is a key determinant in achieving a successful outsourcing arrangement. This is consistent with the findings in this study. We found that such executive leadership vision is also grounded in the corporate innovation strategy of the firm.
Proposition 2: R&D sourcing strategy influences a firm's sourcing capabilities.
The findings from both case studies indicated that prior to the decision to outsource R&D activities, the internal R&D organisations operated almost in isolation from other business units within the corporation. The R&D budget was allocated at the beginning of each year, while a portfolio of research projects was selected later. As one of the senior managers within a R&D organisation under study put it, "money was spent on good research but not in an informal way". After the renewed vision on how to manage innovation strategically, the senior management in the R&D organisation realised that they needed to develop new capabilities.
The results of the case study analysis suggest that the adopted R&D sourcing strategy significantly influence the adoption of new capabilities within the R&D organisations. The studied capabilities, as applied in the field of IT outsourcing, can be divided into demand capabilities and supply capabilities. As the business units started to behave as true customers, the senior management within the R&D organisation demonstrated leadership in aligning the demand for R&D projects with the supply of knowledge by external suppliers. The capability
Relationship Building was recognized to develop a mutual vision on innovation with executive management. The Informed Buying approach was identified to manage the demand of R&D services effectively. Furthermore we found that a Business System Thinking approach was developed to deliver effective technology solutions that fit into the needs of the lines of business.
Our findings indicated that the pre-selected supply capabilities based on the literature were found that include Leadership, Making Technology Work, Contract Monitoring and Vendor Management. However, these capabilities were poorly developed and less attention was paid to adapt these capabilities. Recent literature (Plugge and Janssen, 2009 ) suggests that capabilities must be adapted regularly to meet customer demand. We find that the Leadership capability related to the supply of R&D services was exercised on an operational level. Attention tends to be focused on managing the demand side and less on managing the supply side. The
Contract Facilitation and Contract Monitoring capabilities did not enforce the focus on longterm research projects and their values for the business. The perceived value of R&D by the middle management within the business units was limited to Making Technology Work in operational projects. In the case of total R&D outsourcing, it appeared that the corporation rushed into a single supplier arrangement without a well-defined vendor management policy for R&D services. Particularly, we find a lack to the presence of a retained organisation that is capable of managing the supply side of R&D. However, in the case of selective R&D outsourcing, a technology foresight team was assigned to manage the supply side of R&D with respect to long-term research projects. Consequently, the Leadership and Vendor Management capabilities were the focus points of managing the supply side as the firms also pursued a multisourcing approach of R&D based on a list of preferred suppliers.
Besides the sourcing capabilities as described in literature (Feeny and Willcocks, 1998) , we also found two more important capabilities, Knowledge Management and Intellectual Property
Right. The Knowledge Management capability is inherent to the nature of R&D. When a firm decides to outsource R&D activities, knowledge management becomes an essential capability.
On the one hand, knowledge management determines which knowledge areas should be retained when activities are outsourced. On the other hand, the knowledge management capability is a prerequisite to develop and maintain the absorptive capacity of external knowledge. The importance of developing a knowledge management strategies enables the creation and exploitation of intellectual capital (Willcocks et al., 2004) . The Intellectual Property
Right capability that we identified is used to protect and commercialise highly valuable knowledge that results from research activities. While in the past intellectual property rights were used only to protect the knowledge by producing patents, attention has shifted to address the commercialisation potential of the intellectual property as research is progressing. In the situation where R&D activities are outsourced, the ownership of intellectual property that may result from the research work needs to be addressed. To retain control over intellectual property rights, knowledge transfer can be applied adequately. Hence, to share and understand common goals and strengthen network ties, the strategic client-supplier relationship needs to be managed from a structural, cognitive, relational, and absorptive dimension (Rottman, 2008) .
The additional capabilities that were identified are complementary to the sourcing capabilities that we have studied. This is consistent with prior research (Levina and Ross, 2003) arguing that complementary capabilities contribute to strengthening internal or external relationships.
Proposition 3: The alignment between demand capabilities and supply capabilities influences R&D sourcing success positively.
Analyzing these sourcing capabilities, we recognized that some capabilities clearly focus on either the demand side or the supply side while other capabilities relate to both sides. Demand capabilities are directly related to canalise the needs of business units and departments. These business needs must be identified, specified and described to address what needs are required.
When taking R&D into account, the process to specify the business needs is essential to determine what type of knowledge is required. Insufficient attention to this process provides unclear requirements that result in a solution that differs from the actual business demand. On the other hand, there are capabilities that focus on the delivery of agreed knowledge. These capabilities are supply-oriented. They are applied to manage external suppliers. In other words, supply capabilities focus on how the solution of a supplier is designed and delivered in an effective way. At the start of a new R&D project the business demands are not always clear.
Therefore, a close cooperation with the demand side is required. Since business needs may change over time, sourcing capabilities are applied to deal with the aspect of demand and supply. This means that aligning demand and supply capabilities contribute to the coherence and integration of demand and supply tasks. Table 2 depicts the sourcing capabilities divided as to their nature. strategy, demand capabilities and supply capabilities cannot be developed and managed in isolation. They need to be aligned and they should be embedded into a firm's R&D value chain that supports the innovation process within the corporation. For example a knowledge management capability on the demand side within the business units should be aligned with a knowledge management on the supply side from the supplier perspective, to ensure an effective absorptive capacity of the outsourcing firm.
Proposed Strategic R&D Sourcing Management Model
In an investigation of the determinants that contribute to the success of strategic sourcing of R&D, this study addressed the question how to take advantage of outsourcing R&D activities without hampering the ability of the firm to innovate efficiently. The objective was to examine the R&D sourcing strategy as well as the associated demand and supply capabilities. Based on the analysis of the case studies we developed a R&D sourcing management model as illustrated in figure 1. The development of the R&D sourcing strategy is derived from the corporate innovation strategy. Moreover, the R&D sourcing strategy should be consistent with the strategy pursued by the R&D supplier. However, this relationship has been kept out of the scope of this study.
The alignment between the demand capabilities and the supply capabilities is a determinant of a successful implementation of the R&D sourcing strategy. Conversely, the R&D sourcing strategy provides guidance the sourcing capabilities that the firm needs to retain or develop.
This interactive strategic R&D sourcing management model suggests the imperative for coherence between the variables. 
Conclusion
Strategic sourcing of R&D by corporate firms is an under-researched topic in sourcing literature.
The aim of our research was to create a deeper understanding which determinants influence the success of R&D sourcing. Our case studies show that the presence of a clear vision on a corporate level on how R&D can contribute to the core business of the firm is key to determine an effective sourcing strategy. Our findings provide evidence that the ability of executive management to translate the corporate innovation strategy into a sourcing strategy is a prerequisite. This positively affected the implementation of a R&D organisation that is responsible for the execution of the sourcing strategy. Shifting towards a more commercialised role of R&D within firms, we indicated that existing sourcing capabilities need to be adapted while new capabilities need to be developed. As such, sourcing capabilities can be viewed as strategic as they contribute to the success of an R&D outsourcing arrangement. Moreover, firms need to focus on both demand capabilities and supply capabilities since business needs This discussion has sought to support both researchers and practitioners involved in strategic sourcing of the R&D function of corporate firms. The case studies shed some light on the underresearched R&D function of corporate firms. Since the determinants that influence the success of an R&D sourcing strategy have been under-researched, our research aims to provide a contribution. Our research also aims to contribute to corporate firms considering outsourcing their R&D function. Most fundamentally, our research demonstrates that corporate firms need to develop a vision to align their corporate strategy with their sourcing strategy. We also identified that firms need to develop or even acquire capabilities that support the demand side and supply side of the sourcing relationship.
The case studies identify multiple issues that require further research.The proposed framework in this study will need to be replicated to gain more insight into how firms developed and implemented demand and supply capabilities in order to execute their R&D sourcing strategies.
In particular, study will need to focus on how the additional capabilities as identified in this study are developed by corporate firms. Further study will also cover the R&D supplier side. We would encourage other researchers to explore the topic of strategic sourcing of R&D and enlarge the understanding.
